Introduction
============

In 2013, reviews of effective nutrition interventions estimated that scaling-up a set of proven nutrition-specific interventions could reduce stunting globally by 20% and reduce child mortality by 15%.[@R1] Other modelling exercises have attempted to estimate the potential impact of scaling-up key interventions on progress towards sustainable development goals or on economic growth.[@R2]^,^[@R3] Few studies, however, have examined how programmes expand to achieve interventions at scale. Fewer still have assessed the extent to which programme expansion reaches the most vulnerable populations. However, it is the juxtaposition of coverage and efficacy that explains progress in reducing malnutrition or its absence.

Nutrition programmes that include targeted food assistance have been implemented at large-scale worldwide for several years, such as the Women, Infants and Children Programme in the United States of America[@R4] and the *Oportunidades* programme in Mexico.[@R5] Studies of targeted programmes have documented respondents' characteristics and enrolment in and coverage of the programme,[@R5] but less is known about factors affecting uptake of universally offered programme services. India provides a case study to examine the scale-up and uptake of a large-scale, universal, food-assisted maternal and child nutrition programme.[@R6]

India launched its Integrated Child Development Services programme in 1975[@R7] and expanded it to all states in 2000. However, services were patchy throughout the early 2000s.[@R8] In 2006, India's Supreme Court ruled that the programme was to be offered universally and, soon after, the government expanded the availability of programme services across India, with a goal of ensuring about 1.4 million programme centres across the country. The programme now serves about 82 million children younger than 6 years and over 19 million pregnant women and lactating mothers.[@R6]^,^[@R9] Services currently include take-home supplementary food and hot cooked meals, health and nutrition education, and health check-ups delivered at rural child-care centres (called *anganwadi*) or at home.[@R7] Immunizations, growth monitoring and pre-school care services are also available for children at the centres.[@R10]

There is mixed evidence on the coverage and effectiveness of India's programme on nutrition and related outcomes. Studies from the 1990s generally found programme placement that was skewed towards the well-off districts and no effects on anthropometric outcomes.[@R11]^,^[@R12] Studies from the following decade reported positive impacts, but with important caveats. For instance, a study based on 2005--2006 data found that girls who received supplementary food from the services were on average taller.[@R13] However, only 6% (329) of 5364 girls aged 0 to 2 years and 14% (1113) of 7951 girls aged 3 to 5 years in that study received the supplementary food, despite the fact that over 90% of villages (3522/3849) had an integrated child development centre. This result raised questions about the factors influencing programme uptake.[@R13] These studies preceded major reforms in the services between 2006 and 2009.[@R7] The reforms included greater financial outlay from the central government and provision of supplementary food in a rights-based framework.[@R14]

Most research on the delivery of India's Integrated Child Development Services programme in the period after the reforms has focused on performance in implementation of the programme by states,[@R10] with limited evidence on individual and household uptake or use of the programme. In view of these gaps, we investigated changes in the use of the services over the continuum of care from pregnancy up to early childhood between 2006 and 2016. We assessed equity gaps and factors associated with use of services. Our analysis has policy implications for India, but also offers global lessons to other countries embarking on scaling-up integrated programmes to address maternal and child health, nutrition and child development.

Methods
=======

Data sources
------------

We used data from two rounds of India's national family health surveys, in 2005--2006[@R15] and 2015--2016.[@R16] These cross-sectional surveys follow a systematic, multi-stage stratified sampling design, covering all states and union territories in India. While the 2006 round was representative at the state level, the 2016 survey was representative at both the state and district levels. We use data from the data sets for households (109 041 in 2006 and 601 509 in 2016), women (138 592 in 2006 and 749 344 in 2016) and children (36 850 in 2006 and 190 804 in 2016).

Outcome variables
-----------------

Our primary outcomes were receipt of programme interventions among pregnant and lactating women aged 15 to 49 years and their children aged 0 to 59 months. We restricted analyses to last-born children to minimize recall bias. We analysed 12 outcomes of the programme services for mothers and children. We grouped them into four types of services (supplementary food, counselling on nutrition, health check-ups and early childhood services), offered over three phases in the care continuum (pregnancy, lactation and early childhood). Detailed definitions of the indicators are provided in the data repository.[@R17]

For the analyses of inequity and determinants of use of services, we constructed composite indicators to represent receiving services during all three phases of the care continuum. Mathematically, for each service k, the composite indicator *Y~k~* was defined as:Where *Y~kx~*denotes receiving service *k* in period *x*, and *x* can be pregnancy (*p*), lactation (*l*) or early childhood (*c*). We analysed receipt of the following services by mother--child pairs: supplementary food, counselling on nutrition practices and health check-ups. For services that are only provided during early childhood (immunizations, pre-school education and growth monitoring services) the composite indicator is simply an indicator for the child having received the service.

We also examine the changes in the frequency of receiving supplementary food in the 12 months preceding the survey. This question is only available for the child and does not clarify whether the supplementary food received is take-home rations or daily food at the rural child-care centres, so the full amount of food received is uncertain. Therefore, we report on this question, but did not include it in the composite indicator.

Explanatory variables
---------------------

Household level variables included household size, socioeconomic status, religion, caste category, urban or rural residence and access to health insurance. The socioeconomic status score was constructed using a factor analysis of multiple variables including water source, toilet type, materials used in dwellings, and ownership of a house, land, livestock and durable assets.[@R18] Mother- and child-specific variables included the mother's age and education, and the child's sex, age and birth order.

Statistical analysis
--------------------

We tested changes in outcomes and determinants from 2006 to 2016 using regression models. Equity analyses were conducted for the 12 individual outcome variables by socioeconomic status quintiles at the national level, for residential areas, castes and maternal education for the two survey rounds, adjusting for sample probability weights. We plotted changes in the services received within socioeconomic status quintiles for these categories.

We used multivariate logistic regression models to determine the association between explanatory variables and each of the four composite indicators. To examine changes over time, we conducted the regressions for 2006 and 2016 separately, with clustering of standard errors within states. Dummy variables for the 35 Indian states were included in all specifications.

Thus, for household *h* in states in time *t*, we estimated:Where *P*(*Y~khst~* = 1) denotes the probability that the composite indicator *Y~k~* took on value 1 for household *h* in state *s* in time *t*. We controlled for *J*covariates at the household level, as listed above under explanatory variables, and for state-fixed effects, γ*~st~*. Regressions were run separately for each composite indicator *k*.

For robustness checks, we conducted the regression analyses individually for all 12 services. Since different services are provided by child's age group, we also examined the summary statistics for service coverage by age (\< 6 months, 6 to 35 months and 36 to 59 months). We adjusted our models for state-specific performance using an index of programme performance developed using a survey from 2013--2014.[@R10] The performance data covered programme infrastructure, knowledge and service provision of workers at rural child-care centres, and annual expenditure per child.[@R19]^,^[@R20] Finally, we conducted separate regression analyses for two states with the highest burden of undernutrition in India (Uttar Pradesh and Bihar) to investigate if determinants differed compared with national-level estimates.[@R21]

Results
-------

Several individual and household characteristics changed appreciably between the two rounds of national family health surveys ([Table 1](#T1){ref-type="table"}**)**. The socioeconomic status distribution shifted towards wealthier quintiles, as poorer households acquired assets in the intervening years. Health insurance coverage increased from a mean of 3.7% (95% confidence interval, CI: 3.4 to 4.1) in 2006 to 24.3% (95% CI: 23.9 to 24.7) in 2016. Mothers' education also improved, with the mean proportion of respondents reporting no schooling falling by nearly 20 percentage points, from 46.3% (95% CI: 45.1 to 47.6) to 27.0% (95% CI: 26.6 to 27.4). The distribution of other characteristics in the samples, including religious and caste composition, family size and urban residence, were similar across rounds.

###### Characteristics of samples in the study of coverage and equity of the Integrated Child Development Services programme in India, 2006 and 2016

  Characteristics                    Year, mean value (95% CI)   
  ---------------------------------- --------------------------- ---------------------
  **Household**                                                  
  Family size, no.                   6.7 (6.6 to 6.7)            6.3 (6.3 to 6.3)
  Socioeconomic status index,^a^ %                               
    Quintile 1 (poorest)             39.1 (37.9 to 40.3)         16.5 (16.2 to 16.9)
    Quintile 2                       22.4 (21.7 to 23.2)         18.4 (18.1 to 18.7)
    Quintile 3                       15.4 (14.8 to 16.01)        19.9 (19.6 to 20.3)
    Quintile 4                       12.8 (12.2 to 13.5)         22.0 (21.6 to 22.3)
    Quintile 5 (richest)             10.3 (9.6 to 10.9)          23.2 (22.8 to 23.7)
  Religion, %                                                    
    Hindu                            78.9 (77.4 to 80.4)         78.8 (78.2 to 79.4)
    Muslim                           16.3 (14.8 to 17.8)         16.1 (15.5 to 16.6)
    Christian                        2.1 (1.8 to 2.4)            2.2 (2.0 to 2.3)
  Caste categories, %                                            
    Scheduled castes                 19.9 (18.9 to 21.0)         21.3 (20.8 to 21.8)
    Scheduled tribe                  9.3 (8.4 to 10.2)           10.2 (9.9 to 10.5)
    Other backward classes           40.3 (38.9 to 41.7)         43.0 (42.4 to 43.5)
  Urban residence, %                 27.1 (25.1 to 29.0)         30.0 (29.2 to 30.9)
  Having health insurance, %         3.7 (3.4 to 4.1)            24.3 (23.9 to 24.7)
  **Mother**                                                     
  Age, years                         26.6 (26.5 to 26.7)         27.0 (27.0 to 27.1)
  Education,^b^ %                                                
    No schooling                     46.3 (45.1 to 47.6)         27.0 (26.6 to 27.4)
    Primary school                   13.9 (13.4 to 14.5)         13.1 (12.9 to 13.4)
    Secondary school                 27.7 (26.8 to 28.6)         36.4 (36.0 to 36.9)
    High school or higher            12.1 (11.4 to 12.8)         23.5 (23.0 to 23.9)
  **Child**                                                      
  Sex (female), %                    45.4 (44.7 to 46.1)         44.8 (44.5 to 45.2)
  Age, months                        24.0 (23.8 to 24.3)         25.1 (25.0 to 25.2)
  Birth order, %                                                 
    First                            24.6 (30.0 to 25.3)         31.8 (31.5 to 32.2)
    Second                           29.5 (28.7 to 30.2)         35.6 (35.2 to 36.0)
    Third or more                    45.9 (45.0 to 46.8)         32.6 (32.2 to 33.0)

CI: confidence interval.

^a^ Index of socioeconomic status was constructed by factor analysis using: household access to improved drinking water, improved latrine, clean cooking fuel, electricity, ownership of a house and land, housing materials for floor, roof and wall, and possession of 15 assets (including a mattress, pressure cooker, chair, bed, table, fan, television, sewing machine, phone, computer, refrigerator, watch, bicycle, motorbike and car) and livestock (cow, goat and chicken).

^b^ Education categories were grouped as follows for total number of years of education attainted by the individual: no schooling (0 years), primary school (1 to 5 years), secondary school (6 to 10 years) and high school or higher (≥ 11 years).

Notes: *n* is the total number of respondents. We analysed data from India's national family health surveys in 2005--2006[@R15] and 2015--2016.[@R16] These cross-sectional surveys follow a systematic, multistage stratified sampling design, covering all states and union territories in India. Number of respondents for the mother's age were 33 595 (2005--2006) and 174 050 (2015--2016) and for the child's age were 35 321 (2005--2006) and 183 292 (2015--2016).

The receipt of services by mother--child pairs from pregnancy through to early childhood increased significantly between 2006 and 2016 ([Table 2](#T2){ref-type="table"}). The increase was especially noticeable for supplementary food, increasing nearly threefold from 9.6% of respondents (95% CI: 9.0 to 10.3) in 2006 to 37.9% (95% CI: 37.4 to 38.4) in 2016. Use of health check-ups increased 23.5 percentage points and health and nutrition education increased 17.9 percentage points. These patterns were consistent for the child age subgroups (data repository).[@R17] The frequency of receiving supplementary food also improved, with a nearly 8 percentage point increase for children who received food monthly ([Table 2](#T2){ref-type="table"}) from 19.1% of children (95% CI: 17.83 to 20.39) to 27.6% (95% CI: 27.07 to 28.04).

###### Trends in use of the Integrated Child Development Services programme among pregnant and lactating women and their children aged 0 to 59 months in India, 2006 and 2016

  Indicator                                                                 2006                         2016   Change, % point                         
  ------------------------------------------------------------------------- ------ --------------------- ------ ----------------- --------------------- -------
  **During pregnancy^b^**                                                                                                                                
  Supplementary food                                                        6474   18.7 (17.7 to 19.6)          100 391           52.6 (52.1 to 53.2)   34.0
  Health and nutrition education                                            3287   10.0 (9.3 to 10.7)           70 493            39.3 (38.8 to 39.8)   29.3
  Health check-ups                                                          3501   11.2 (10.5 to 12.0)          79 550            43.8 (43.3 to 44.3)   32.6
  **During lactation^b^**                                                                                                                                
  Supplementary food                                                        5334   14.7 (13.8 to 15.5)          90 752            47.8 (47.3 to 48.3)   33.2
  Health and nutrition education                                            2464   7.2 (6.6 to 7.8)             62 493            35.9 (34.6 to 35.6)   27.9
  Health check-ups                                                          2392   7.5 (6.9 to 8.1)             66 761            37.2 (36.6 to 37.7)   29.7
  **During childhood^b^**                                                                                                                                
  Take-home rations or hot cooked meals                                     7786   22.1 (21.1 to 23.1)          95 751            51.7 (51.2 to 52.3)   29.6
  Immunizations                                                             5478   18.3 (17.3 to 19.3)          76 019            43.2 (42.7 to 43.7)   24.9
  Health check-ups                                                          4255   14.2 (13.3 to 15.0)          74 904            42.7 (42.1 to 43.2)   28.5
  Early childhood care or preschool education                               9424   28.1 (27.0 to 29.3)          64 147            35.8 (35.4 to 36.3)   7.7
  Child was weighed                                                         4879   15.7 (14.8 to 16.6)          79 291            44.6 (44.1 to 45.1)   28.9
  Mother received counselling after child was weighed                       2423   7.9 (7.2 to 8.5)             49 430            28.6 (28.1 to 29.0)   20.7
  **Integrated child development services in all periods^b^**                                                                                           
  Supplementary food                                                        3364   9.6 (9.0 to 10.3)            68 883            37.9 (37.4 to 38.4)   28.3
  Health and nutrition education                                            967    3.2 (2.8 to 3.5)             35 630            21.0 (20.6 to 21.5)   17.9
  Health check-ups                                                          1293   4.5 (4.0 to 4.9)             48 197            28.0 (27.5 to 28.5)   23.5
  Child-specific services^c^                                                3068   10.4 (9.6 to 11.1)           41 929            24.2 (23.8 to 24.7)   13.9
  **Frequency of receipt of supplementary food in previous 12 months^d^**                                                                               
  Never                                                                     1745   22.2 (20.4 to 23.9)          10 527            10.3 (10.0 to 10.6)   −11.8
  Daily                                                                     2649   30.8 (29.0 to 32.5)          31 573            35.5 (34.9 to 36.1)   4.7
  Weekly                                                                    1723   17.8 (16.5 to 19.0)          25 407            21.8 (21.3 to 22.3)   4.0
  Monthly                                                                   2167   19.1 (17.8 to 20.4)          31 372            27.6 (27.1 to 28.0)   8.4
  Less than monthly                                                         1247   9.5 (8.6 to 10.4)            7 399             4.6 (4.4 to 4.8)      −4.9

CI: confidence interval.

^a^ Percentages and confidence intervals were adjusted using sampling weights.

^b^ The total number of respondents were 36 850 and 190 804 in 2006 and 2016, respectively.

^c^ Immunizations, pre-school education and growth monitoring.

^d^ The total number of respondents were 9592 and 106 574 in 2006 and 2016, respectively.

At the sub-national level there was substantial variation in the expansion of service use across the two survey rounds ([Fig. 1](#F1){ref-type="fig"}). With some exceptions (Tamil Nadu, Odisha, Chhattisgarh and Jharkhand), the coverage of supplementary food during pregnancy and lactation was \< 25% in most states in 2006. By 2016, this had improved in almost all states. The state-wise coverage of supplementary food during childhood was higher than in the other two categories, and coverage increased in all states by 2016, with increases to ≥ 50% in many of the central and southern states.

![Trends in coverage of supplementary food in the Integrated Child Development Services programme during pregnancy, lactation and childhood across states of India, 2006 and 2016](BLT.18.221135-F1){#F1}

[Fig. 2](#F2){ref-type="fig"} plots the mean percentage of respondents using various services in both 2006 and 2016, disaggregated by wealth quintile. Within a given year, a higher spread of dots indicates greater inequality in use. Use of the services did not grow uniformly. Although use expanded for the poorest quintile across all services, expansion was lower for quintiles 2, 3 and 4. In 2006, the lowest quintile had higher use than other quintiles, but by 2016, use by quintiles 2, 3 and 4 had expanded.

![Socioeconomic status and use of the Integrated Child Development Services programme among pregnant and lactating women and their children in India, 2006 and 2016](BLT.18.221135-F2){#F2}

Use of the four categories of services among pregnant and lactating women and their children by respondents' characteristics are shown in [Table 3](#T3){ref-type="table"}. Factors associated with use of services also changed over time ([Table 4](#T4){ref-type="table"} and [Table 5](#T5){ref-type="table"}). In 2006, quintile 5 was the only quintile where receipt of counselling on nutrition was significantly lower than quintile 1 (odds ratio, OR: 0.43, 95% CI: 0.22 to 0.81). However, by 2016 use of nutrition counselling by quintile 5 was similar to quintile 1 (OR: 1.10, 95% CI: 0.97 to 1.25). Quintiles 2, 3 and 4 were significantly more likely to receive counselling services (OR: 1.13, 95% CI: 1.06 to 1.20; OR: 1.29, 95% CI: 1.16 to 1.44; and OR: 1.27, 95% CI: 1.12 to 1.43, respectively) than either quintiles 1 or 5. Similar findings were observed for health check-ups. For supplementary food only quintile 3 was significantly more likely than the poorest quintile to receive services in 2016 (OR: 1.17, 95% CI: 1.05 to 1.29). All coefficients for wealth quintiles in 2016 were significantly different from the corresponding ones in 2006.

###### Use of the Integrated Child Development Services programme among pregnant and lactating women and their children in India, 2006 and 2016, by respondents' characteristics

  Characteristics                 No. (%) of respondents using service^a^                                                                                                     
  ------------------------------- ----------------------------------------- --------------- -- ----------- --------------- -- ------------- --------------- -- -------------- ---------------
  **Household**                                                                                                                                                               
  Socioeconomic status index^d^                                                                                                                                               
       Quintile 1 (poorest)       1277 (11.7)                               10 699 (34.8)      345 (3.4)   4 539 (14.8)       528 (5.1)     6 685 (21.5)       1 161 (11.3)   6 232 (20.4)
       Quintile 2                 800 (10.9)                                13 786 (41.7)      236 (3.6)   6 701 (21.6)       325 (5.2)     9 361 (29.4)       775 (12.1)     8 122 (24.9)
       Quintile 3                 594 (9.7)                                 15 741 (45.5)      195 (3.7)   8 421 (26.2)       236 (4.9)     11 236 (34.5)      577 (11.9)     9 590 (28.8)
       Quintile 4                 436 (6.4)                                 15 421 (39.7)      126 (2.4)   8 577 (24.3)       134 (3.0)     11 229 (31.3)      358 (7.6)      9 676 (27.1)
       Quintile 5 (richest)       241 (2.2)                                 13 236 (28.4)      61 (1.0)    7 392 (17.5)       63 (1.1)      9 686 (22.7)       187 (3.8)      8 309 (19.8)
  Religion                                                                                                                                                                    
       Hindu                      2606 (10.4)                               53 740 (39.4)      790 (3.4)   28 752 (22.1)      1 095 (5.0)   38 951 (29.4)      2 562 (11.5)   33 784 (25.5)
       Muslim                     223 (4.9)                                 7 483 (29.9)       75 (1.6)    3 488 (15.5)       73 (1.6)      4 880 (21.3)       230 (4.9)      4 510 (17.8)
       Christian                  398 (12.0)                                4 784 (38.6)       72 (4.0)    2 027 (21.9)       73 (4.6)      2 543 (28.4)       163 (8.2)      1 987 (21.8)
       Other                      137 (12.8)                                2 876 (40.9)       30 (3.3)    1 363 (22.3)       52 (6.1)      1 823 (28.2)       113 (12.7)     1 648 (27.6)
  Caste categories                                                                                                                                                            
       Scheduled castes           696 (12.2)                                14 412 (42.8)      219 (4.1)   7 543 (23.8)       288 (5.4)     10 193 (31.4)      682 (12.2)     8 967 (27.5)
       Scheduled tribe            975 (22.4)                                15 799 (50.4)      235 (7.2)   7856 (27.6)        347 (11.3)    10 682 (38.3)      696 (22.4)     8 856 (32.2)
       Other backward classes     1054 (8.7)                                26 011 (35.9)      345 (3.0)   13 766 (19.7)      455 (4.2)     18 759 (26.2)      1077 (9.6)     16 629 (23.4)
       General                    639 (5.1)                                 12 661 (32.0)      168 (1.5)   6 465 (18.3)       203 (2.1)     8 563 (24.0)       613 (6.5)      7 477 (19.8)
  Rural residence                 2768 (11.6)                               56 257 (42.8)      786 (3.8)   28 192 (23.0)      1 101 (5.5)   38 685 (30.9)      2480 (12.2)    33 505 (26.7)
  Having health insurance         94 (5.2)                                  20 674 (50.2)      27 (1.4)    12 284 (31.9)      34 (2.1)      15 578 (39.8)      98 (7.0)       12 578 (31.7)
  Family size, no.                3364 (NA)                                 68 883 (NA)        967 (NA)    35 630 (NA)        1 293 (NA)    48 197 (NA)        3068 (NA)      41 929 (NA)
  **Mother**                                                                                                                                                                  
  Age, years                      3064 (NA)                                 62 923 (NA)        881 (NA)    32 726 (NA)        1 190 (NA)    44 269 (NA)        2782 (NA)      38 334 (NA)
  Education^e^                                                                                                                                                                
       No schooling               1380 (9.9)                                18 141 (34.7)      318 (2.4)   8 236 (16.1)       542 (4.1)     11 933 (22.9)      1247 (9.6)     10 988 (21.1)
       Primary school             611 (12.3)                                10 627 (43.7)      184 (4.2)   5 380 (23.6)       214 (5.3)     7 380 (31.6)       564 (13.8)     6 438 (27.7)
       Secondary school           1137 (9.9)                                28 141 (43.8)      380 (4.2)   15 303 (25.8)      438 (5.3)     20 275 (33.9)      1035 (11.9)    17 126 (28.3)
       High school or higher      236 (4.6)                                 11 974 (28.9)      85 (2.3)    6 711 (17.8)       99 (2.7)      8 609 (22.6)       222 (5.9)      7 377 (19.7)
  **Child**                                                                                                                                                                   
  Female sex                      1583 (10.0)                               31 896 (38.6)      443 (3.0)   16 565 (21.6)      591 (4.5)     22 345 (28.5)      1446 (10.6)    19 412 (24.7)
  Age in months                   3 348 (NA)                                68 428 (NA)        961 (NA)    35 377 (NA)        1 286 (NA)    47 864 (NA)        3058 (NA)      41 611 (NA)
  Birth order                                                                                                                                                                 
         First                    826 (8.7)                                 22 505 (38.0)      249 (3.0)   12 166 (22.0)      321 (4.3)     16 310 (28.9)      812 (10.1)     13 618 (23.7)
         Second                   1021 (10.3)                               23 954 (40.2)      326 (3.8)   13 045 (23.5)      399 (4.9)     17 302 (30.6)      930 (11.2)     14 960 (26.5)
         Third or more            1 517 (9.7)                               22 424 (35.1)      392 (2.8)   10 419 (17.3)      573 (4.3)     14 585 (24.1)      1326 (10.0)    13 351 (22.3)

NA: not applicable.

^a^ Percentages were adjusted using sampling weights.

^b^ We analysed whether the service was received at all three phases in the care continuum: during pregnancy, during lactation and in early childhood.

^c^ Immunizations, pre-school education and growth monitoring.

^d^ Index of socioeconomic status was constructed by factor analysis using: household access to improved drinking water, improved latrine, clean cooking fuel, electricity, ownership of a house and land, housing materials for floor, roof and wall, and possession of 15 assets (including a mattress, pressure cooker, chair, bed, table, fan, television, sewing machine, phone, computer, refrigerator, watch, bicycle, motorbike and car) and livestock (cow, goat and chicken).

^e^ Education categories were grouped as follows for the total number of years of education attained by the individual: no schooling (0 years), primary school (1 to 5 years), secondary school (6 to 10 years) and high school or higher (≥ 11 years).

Notes: The total number of respondents were 35 570 and 185 101 in 2006 and 2016, respectively. For continuous variables the numbers represent the total number of individuals who received the service and had valid data for the respondent characteristics.

###### Factors associated with use of supplementary food and nutrition counselling in the Integrated Child Development Services programme among pregnant and lactating women and their children in India, 2006 and 2016

  Binary outcomes                 OR (95% CI)                                                          
  ------------------------------- --------------------- --------------------- -- --------------------- ---------------------
  **Household**                                                                                        
  Socioeconomic status index^b^                                                                        
       Quintile 1 (poorest)       Ref.                  Ref.                     Ref.                  Ref.
       Quintile 2                 1.02 (0.93 to 1.12)   1.04 (0.98 to 1.11)      0.98 (0.75 to 1.28)   1.13 (1.06 to 1.20)
       Quintile 3                 0.98 (0.86 to 1.12)   1.17 (1.05 to 1.29)      0.93 (0.70 to 1.24)   1.29 (1.16 to 1.44)
       Quintile 4                 0.76 (0.60 to 0.97)   1.06 (0.91 to 1.23)      0.82 (0.53 to 1.25)   1.27 (1.12 to 1.43)
       Quintile 5 (richest)       0.34 (0.25 to 0.46)   0.89 (0.75 to 1.05)      0.43 (0.22 to 0.81)   1.10 (0.97 to 1.25)
  Religion                                                                                             
       Hindu                      Ref.                  Ref.                     Ref.                  Ref.
       Muslim                     0.88 (0.65 to 1.20)   0.90 (0.82 to 0.98)      1.27 (0.91 to 1.77)   0.92 (0.83 to 1.02)
       Christian                  1.02 (0.63 to 1.66)   0.93 (0.83 to 1.00)      1.11 (0.66 to 1.88)   0.88 (0.73 to 1.06)
       Other                      1.54 (0.94 to 2.50)   0.92 (0.77 to 1.09)      1.37 (1.04 to 1.79)   1.00 (0.87 to 1.14)
  Caste categories                                                                                     
       Scheduled castes           2.00 (1.52 to 2.63)   1.45 (1.30 to 1.62)      2.78 (2.04 to 3.80)   1.28 (1.15 to 1.42)
       Scheduled tribe            2.02 (1.40 to 2.90)   1.37 (1.22 to 1.54)      3.45 (2.47 to 4.80)   1.21 (1.10 to 1.34)
       Other backward classes     1.37 (0.95 to 1.97)   1.29 (1.18 to 1.41)      1.98 (1.16 to 3.39)   1.15 (1.04 to 1.28)
       General                    Ref.                  Ref.                     Ref.                  Ref.
  Rural residence                 2.81 (1.97 to 4.01)   2.24 (1.86 to 2.69)      3.18 (1.83 to 5.50)   1.82 (1.52 to 2.16)
  Having health insurance         0.81 (0.54 to 1.21)   1.24 (1.18 to 1.31)      0.56 (0.36 to 0.87)   1.18 (1.11 to 1.24)
  Family size, no.                0.97 (0.94 to 1.00)   0.99 (0.98 to 1.00)      0.99 (0.95 to 1.03)   1.00 (0.99 to 1.01)
  **Mother**                                                                                           
  Age, years                      0.99 (0.99 to 1.00)   0.99 (0.98 to 0.99)      1.00 (0.98 to 1.02)   0.99 (0.98 to 1.00)
  Education^c^                                                                                         
       No schooling               Ref.                  Ref.                     Ref.                  Ref.
       Primary school             1.19 (0.98 to 1.44)   1.13 (1.06 to 1.21)      1.49 (1.17 to 1.89)   1.12 (1.04 to 1.20)
       Secondary school           1.21 (1.05 to 1.40)   1.16 (1.05 to 1.28)      2.05 (1.62 to 2.58)   1.16 (1.07 to 1.26)
       High school or higher      0.86 (0.69 to 1.07)   0.84 (0.76 to 0.93)      1.81 (1.29 to 2.54)   0.94 (0.86 to 1.03)
  **Child**                                                                                            
  Female sex                      1.03 (0.90 to 1.17)   1.04 (1.00 to 1.07)      0.88 (0.80 to 0.98)   1.05 (1.01 to 1.08)
  Age in months                   1.00 (0.99 to 1.00)   1.00 (0.99 to 1.00)      1.00 (0.99 to 1.00)   1.00 (1.00 to 1.00)
  Birth order                                                                                          
       First                      Ref.                  Ref.                     Ref                   Ref.
       Second                     1.22 (1.02 to 1.45)   1.17 (1.12 to 1.22)      1.35 (1.05 to 1.74)   1.14 (1.09 to 1.20)
       Third or more              1.21 (1.04 to 1.41)   1.21 (1.13 to 1.28)      1.24 (0.91 to 1.69)   1.14 (1.08 to 1.21)

CI: confidence interval; OR: odds ratio; Ref: reference category.

^a^ We analysed whether the service was received at all three phases in the care continuum: during pregnancy, during lactation and in early childhood.

^b^ Index of socioeconomic status was constructed by factor analysis using: household access to improved drinking water, improved latrine, clean cooking fuel, electricity, ownership of a house and land, housing materials for floor, roof and wall, and possession of 15 assets (including a mattress, pressure cooker, chair, bed, table, fan, television, sewing machine, phone, computer, refrigerator, watch, bicycle, motorbike and car) and livestock (cow, goat and chicken).

^c^ Education categories were grouped as follows for total number of years of education attained by the individual: no schooling (0 years), primary school (1 to 5 years), secondary school (6 to 10 years) and high school or higher (≥ 11 years).

Notes: *n* is the total number of respondents. As some data were missing for the mother's and the child's age we used data only for the set with all complete variables. The following 12 outcomes of integrated child development services were analysed over three phases in the care continuum. During pregnancy: (i) supplementary food; (ii) health and nutrition education; (iii) health check-ups. During lactation: (iv) supplementary food; (v) health and nutrition education; (vi) health check-ups. During early childhood: (vii) supplementary food as take-home rations or hot cooked meal; (viii) health check-ups; (ix) nutrition counselling for the mother after the child was weighed; (x) childhood immunizations; (xi) early childhood care and preschool education; and (xii) growth monitoring. We adjusted estimates are for sampling weights and standard errors clustered at the state level. All specifications include state-fixed effects (*N--*1 dummy variables for 35 Indian states).

###### Factors associated with use of health check-ups and child-specific services in the Integrated Child Development Services programme among pregnant and lactating women and their children in India, 2006 and 2016

  Binary outcomes                 OR (95% CI)                                                          
  ------------------------------- --------------------- --------------------- -- --------------------- ---------------------
  **Household**                                                                                         
  Socioeconomic status index^c^                                                                         
      Quintile 1 (poorest)        Ref.                  Ref.                     Ref.                  Ref.
      Quintile 2                  1.04 (0.86 to 1.26)   1.11 (1.04 to 1.18)      1.11 (0.98 to 1.25)   1.03 (0.93 to 1.14)
      Quintile 3                  0.99 (0.85 to 1.15)   1.28 (1.15 to 1.43)      1.12 (1.01 to 1.25)   1.17 (1.01 to 1.36)
      Quintile 4                  0.73 (0.53 to 1.02)   1.23 (1.06 to 1.42)      0.80 (0.56 to 1.14)   1.16 (1.01 to 1.33)
      Quintile 5 (richest)        0.40 (0.24 to 0.67)   1.07 (0.90 to 1.26)      0.52 (0.33 to 0.81)   0.97 (0.81 to 1.15)
  Religion                                                                                              
      Hindu                       Ref.                  Ref.                     Ref.                  Ref.
      Muslim                      0.90 (0.67 to 1.21)   0.95 (0.85 to 1.05)      0.98 (0.70 to 1.37)   0.93 (0.84 to 1.04)
      Christian                   1.12 (0.63 to 2.01)   0.93 (0.83 to 1.05)      0.92 (0.76 to 1.12)   0.87 (0.76 to 1.00)
      Others                      1.78 (1.34 to 2.38)   0.83 (0.66 to 1.04)      1.39 (0.76 to 2.56)   1.10 (0.96 to 1.27)
  Caste categories                                                                                      
      Scheduled castes            2.04 (1.51 to 2.76)   1.35 (1.21 to 1.52)      1.73 (1.30 to 2.31)   1.42 (1.32 to 1.53)
      Scheduled tribe             2.46 (1.77 to 3.43)   1.37 (1.21 to 1.56)      1.80 (1.40 to 2.30)   1.35 (1.21v1.51)
      Other backward classes      1.62 (1.11 to 2.38)   1.22 (1.10 to 1.36)      1.35 (0.97 to 1.89)   1.23 (1.16 to 1.31)
      General                     Ref.                  Ref.                     Ref.                  Ref.
  Rural residence                 3.91 (2.35 to 6.49)   2.01 (1.67 to 2.42)      2.92 (1.82 to 4.70)   1.88 (1.58 to 2.22)
  Having health insurance         0.78 (0.47 to 1.29)   1.20 (1.13 to 1.28)      0.87 (0.59 to 1.27)   1.10 (1.02 to 1.19)
  Family size                     1.00 (0.97 to 1.03)   1.00 (0.98 to 1.01)      0.99 (0.96 to 1.01)   1.00 (0.99 to 1.02)
  **Mother**                                                                                            
  Age in years                    1.00 (0.99 to 1.02)   0.99 (0.98 to 1.00)      1.00 (0.98 to 1.01)   0.99 (0.99 to 1.00)
  Education^d^                                                                                         
      No schooling                Ref.                  Ref.                     Ref.                  Ref.
      Primary school              1.15 (0.92 to 1.45)   1.12 (1.05 to 1.19)      1.22 (1.05 to 1.42)   1.16 (1.10 to 1.23)
      Secondary school            1.52 (1.25 to 1.84)   1.17 (1.05 to 1.30)      1.27 (1.04 to 1.56)   1.11 (1.03 to 1.21)
      High school or higher       1.25 (1.01 to 1.57)   0.88 (0.78 to 1.00)      0.91 (0.69 to 1.22)   0.89 (0.81 to 0.99)
  **Child**                                                                                            
  Female sex                      1.00 (0.89 to 1.12)   1.03 (0.99 to 1.07)      1.04 (0.94 to 1.16)   1.05 (1.00 to 1.10)
  Age in months                   1.00 (0.99 to 1.00)   1.00 (0.99 to 1.00)      1.00 (0.99 to 1.01)   1.01 (1.00 to 1.01)
  Birth order                                                                                           
      First                       Ref.                  Ref.                     Ref.                  Ref.
      Second                      1.14 (0.91 to 1.44)   1.14 (1.08 to 1.20)      1.11 (0.96 to 1.28)   1.15 (1.10 to 1.20)
      Third or more               1.12 (0.88 to 1.41)   1.16 (1.08 to 1.25)      1.12 (0.98 to 1.28)   1.15 (1.08 to 1.23)

CI: confidence interval; OR: odds ratio; Ref: reference category.

^a^ We analysed whether the service was received at all three phases in the care continuum: during pregnancy, during lactation and in early childhood.

^b^ Immunizations, pre-school education and growth monitoring.

^c^ Index of socioeconomic status was constructed by factor analysis using: household access to improved drinking water, improved latrine, clean cooking fuel, electricity, ownership of a house and land, housing materials for floor, roof and wall, and possession of 15 assets (including a mattress, pressure cooker, chair, bed, table, fan, television, sewing machine, phone, computer, refrigerator, watch, bicycle, motorbike and car) and livestock (cow, goat and chicken).

^d^ Education categories were grouped as follows for total number of years of education attainted by the individual: no schooling (0 years), primary school (1 to 5 years), secondary school (6 to 10 years) and high school or higher (≥ 11 years).

Notes: *n* is the total number of respondents. As some data were missing for the mother's and the child's age we used data only for the set with all complete variables. The following 12 outcomes of Integrated Child Development Services were analysed over three phases in the care continuum. During pregnancy: (i) supplementary food, (ii) health and nutrition education, (iii) health check-ups. During lactation: (iv) supplementary food, (v) health and nutrition education, (vi) health check-ups. During early childhood: (vii) supplementary food as take-home rations or hot cooked meal, (viii) health check-ups, (ix) nutrition counselling for the mother after the child was weighed, (x) childhood immunizations, (xi) early childhood care and preschool education and (xii) growth monitoring. We adjusted estimates for sampling weights and standard errors clustered at the state level. All specifications include state-fixed effects (*N*--1 dummy variables for 35 Indian states).

Caste differences in use of services appeared to change over time, holding wealth constant. In 2006, the odds of receiving supplementary foods was twice as high among scheduled castes (OR: 2.00, 95% CI: 1.52 to 2.63) and scheduled tribes groups (OR: 2.02, 95% CI: 1.40 to 2.90) compared with general castes. In 2016, the differences were smaller (OR: 1.45, 95% CI: 1.30 to 1.62 and OR: 1.37, 95% CI: 1.22 to 1.54, respectively). Similar findings were seen for the other outcome measures.

Similar to caste, differences in service use across education levels also changed over time. For example, women with primary or secondary schooling in 2006 had higher odds of having counselling during pregnancy (OR: 1.49, 95% CI: 1.17 to 1.89 and OR: 2.05 95% CI: 1.62 to 2.58, respectively) than women with no education. By 2016, the odds had reduced (OR: 1.12, 95% CI: 1.04 to 1.20 and OR: 1.16, 95% CI: 1.07 to 1.26, respectively). Again, while statistical significance varied, the trend of a reduction in the odds ratios across education levels was similar for all outcomes.

Having health insurance, which few households had access to before 2008, was negatively associated with the use of nutrition counselling in 2006 (OR: 0.56, 95% CI: 0.36 to 0.87). However, in 2016 those with health insurance had higher odds of receiving all services (OR: 1.24, 95% CI: 1.18 to 1.31 for supplementary food; OR: 1.18, 95% CI: 1.11 to 1.24 for nutrition counselling; OR: 1.20, 95% CI: 1.13 to 1.28 for health check-ups and OR: 1.10, 95% CI: 1.02 to 1.19 for child-specific services). Finally, female children (OR: 1.05, 95% CI: 1.00 to 1.10) and second- and third-born children (OR: 1.15, 95% CI: 1.10 to 1.20 and OR: 1.15, 95% CI: 1.08 to 1.23, respectively) had slightly higher odds of using early childhood services.

In our robustness checks, we found similar findings when using the 12 individual services as outcomes (data repository),[@R17] and when using the composite coverage indicators by child's age group.

Finally, we saw that trends and determinants of service use in Uttar Pradesh and Bihar did not differ substantially from those for overall national data (data repository).[@R17] We found higher odds ratios for use of all services among scheduled caste groups compared with other groups in both 2006 and 2016.

Discussion
==========

Using two nationally representative data sets we provide evidence on how the use of India's Integrated Child Development Services programme has changed in the decade after reform of the programme. India appears to be well on its way to scaling-up of nutrition-specific interventions using the integrated services. This large expansion in services is laudable given challenges such as decentralization of implementation to the state level, high numbers and diversity of the population, constraints on funding, and lack of community awareness, among others.[@R6] Indeed, these challenges are reflected in our findings that expansion in use of services varied considerably at the state level and by sociodemographic characteristics. Even though households in the poorest quintile were better reached by the services in 2015--2016, the wealth inequality in use widened over the decade studied.

The exclusion of the poorest people from services is concerning. Most of the poor who were left behind were from states known to be weak performers on the programme, such as Uttar Pradesh[@R22] and Bihar,[@R23] suggesting that overall poor performance in high-poverty states could lead to major exclusions. The exclusion of the poorest quintile could also be due to the challenges of reaching remote or difficult geographical areas, even in better-performing states, despite attempts to close equity gaps district-by-district.[@R24] There can also be local challenges of exclusion within villages due to caste or location.[@R25] Further investigations around the potential reasons for exclusions could help in addressing inequity gaps.

The risk of exclusion of the poorest households has also been documented in the coverage of India's safe motherhood cash-transfer programme, the *Janani Suraksha Yojana*.[@R26]^,^[@R27] Even in a state such as Odisha, with a well-performing health system, similar inequitable patterns of use were seen for a conditional cash-transfer programme for nutrition and health.[@R28] Some authors have attributed the exclusion of the poorest households in certain programmes to difficulties in complying with the programme conditions.[@R29] It is also unlikely that the use of services has many barriers that prevent poorer people from using services that are locally available. Except for entry-level barriers, such as pregnancy registration, the unconditional nature and universal scope of the services should make it accessible to all. As noted above, a more plausible explanation is weak performance of service implementation in states or districts with the highest proportions of poorer people. Indeed, in the two states of Uttar Pradesh and Bihar, we found greater exclusion by caste as well, suggesting that exclusions in these states is due to overall poor performance, leading to low coverage for all, rather than targeted exclusions for some. In separate policy-focused descriptive analyses of coverage,[@R30] we provide district-specific coverage estimates for all programme services that can inform policy-makers in India and elsewhere.

Despite lingering caste discrimination in India,[@R31] it is reassuring that caste and tribe-based exclusion from the programme services has declined. The caste differences appear to favour the traditionally marginalized scheduled castes and scheduled tribes groups compared with the general castes, after controlling for wealth. In Odisha and in Chhattisgarh, where there are large pockets of tribal populations, efforts to strengthen overall programme services with a view to improving equity of access[@R10] has likely helped close gaps for tribal communities. In Maharashtra, a targeted focus on tribal areas as part of the state nutrition mission[@R32] has also likely helped to close some gaps.

Despite the hypothesis that girls are discriminated against in health service use in India,[@R33] we did not find evidence of son preference in families' use of programme services. Instead, we found that being a female child significantly improved the likelihood of receiving the range of services, although the difference was slight. Similarly, there was no indication that children who were higher in birth order had lower use of services.

Health insurance coverage improved 10-fold between 2006 and 2016, likely due to the introduction of a national health insurance programme, the *Rashtriya Swasthya Bima Yojana*, for households below the poverty line in 2008. This programme is currently operational in 25 states. In our study, those with health insurance were about twice as likely to use the services in 2016. However, since these services are free of charge there is no direct role for insurance in gaining access. This finding could reflect self-selection; households that take up government health and nutrition services are also more likely to be enrolled in the national health insurance. Also, the same states could perform better both on the expansion of the national health insurance programme and on child development services.

Our study had several strengths. It offers an in-depth analysis of individual and household access to a large, universally-offered nutrition programme that targets the first 1000 days of life. The study examines the inequity in the expansion in use of the programme and investigates the complex factors associated with use. By comparing the coefficients of these covariates over time, we have documented how the child development services in India have become more inclusive between 2006 and 2016 and yet, how some groups, such as the poorest wealth quintiles, are still not being adequately served. Finally, our results are robust to several alternative regression specifications, including adjustments for state performance.

Although the survey questions remained the same over time (thus enabling comparisons), they are limited to participation in the last 12 months for children or during pregnancy and lactation. Finer-grained questions could enquire about the regularity and intensity of participation, the actual consumption of foods provided through the programme and the regularity of the use of specific services, such as growth monitoring. Such questions could help planners and policy-makers make more informed assessments about strengthening programme services.

Instead the study focused on changes over time, it is not longitudinal at the individual level. Our ability to analyse the intensity of participation in the programme is limited by the availability of the survey questions included in India's national family health survey questionnaires. Finally, an impact assessment of the programme on maternal and child health is beyond the scope of this paper and is an important area for future research. The post-reform period of the programme coincided with a period that also saw a 10-percentage point reduction in stunting among children aged 0 to 5 years.[@R34]

India's policy reforms have increased coverage of the Integrated Child Development Services programme at a national level and reached marginalized groups. With further scaling-up, the programme needs to focus on effective subnational implementation to reach households from the lowest socioeconomic strata and women with low schooling levels, as these high-need groups are currently more excluded in India.
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